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Abstract
This research involves taking a pre-existing, patented fire
sensor that detects light in the solar-blind region of the UV
spectrum and developing it for commercial use. This
includes:
• Narrowing the field of view of the sensor
• Creating innovative manufacturing solutions
for the optical surfaces
• Exploring alternative flight-platforms

Fabrication
Mr. Darell Engelhaupt, a senior research scientist with the
UAHuntsville Center for Applied Optics (CAO), has
developed a method of plating optically efficient materials.
To plate a surface, an electrically-conductive coating (in this
case, silver) is sprayed onto the surface. Once dried, this
part can be placed into an ionic bath and given an electric
potential. The plating material is suspended in the ionic
solution and deposits onto the silvered surface through the
electrical current. Once the plating has been completed, any
surface defects can be corrected on the CAO’s diamondpoint lathe.
Rapid Prototyping (RP) was determined to be the most
efficient way to create the complex, aspheric lens shapes.
RP was chosen because:
• The manufactured part is accurate to the CAD model
within 0.005”.

Figure 1: Prototype fire sensor design integrated with UAV rotorcraft system.

Introduction
The fire-sensor uses COTS components to detect light,
particularly in the UVC portion of the spectrum. Currently, a
spherical collection mirror focuses light onto a GiegerMueller tube, when enough UVC light has been detected, a
signal is sent wirelessly to a base-station.

• The Fused Deposition Modeling (FDM) process is
capable of using different materials, including ABS and
Polycarbonate plastics. However, other RP processes
have the ability to fabricate in a wide range of materials,
including metallics.
• RP requires no user input after the model has been
finalized in CAD.

Both ABS and polycarbonate plastics were available. A set of
coupons were fabricated using from both materials and coated
(Figure 6). Initial evaluation indicated that the coating did not
adhere as well to the polycarbonate material.

Before an aspheric surface was created and plated, the
optical properties of a conventional spherical mirror created
through the RP/plating process needed to be assessed.
Initial RP fabricated and plated spherical parts are shown in
Figures 3-5. As shown in Figure 7, a copper plating was
achieved but the material bled through to the back side of
the plastic due to material porosity.

Next, several parts were built using the “over-packed” build
parameters in the RP system (Figure 9). Additional material
is deposited in each volume, producing a higher part
density. This improved RP surface finish and resulted in a
smoother plating finish than the conventional build.

Figure 9: “Over-packed” part build with nickelphosphorous plating. Note smoother plating finish than
the conventional build.

Figure 6: Nickel-Phosphorous plated ABS test coupon.

Conclusion & Future
Research
The results of this study suggest the next lens
prototype should be RP fabricated using ABS
and “over-packed” parameters, and a Krylon
paint coating. The plated lens will be diamond
turned. The optical qualities of the plated
spherical lens assembly will be compared with
those of a conventionally fabricated, freestanding mirror.

Figure 3: First attempt using nickel plating
with 1-2 amps applied per square foot of
surface area.

Figure 4: Second nickel plating attempt using
10-12 amps applied per square foot of surface
area. Note higher plating quality attained by the
higher current.

The next step will be to fabricate an aspheric
lens assembly, optically test it, and ultimately
integrate it with a UAV flight platform.

Figure 7: Spherical RP lens assembly showing
copper bleed through to the back side of the
part. This was caused by the porosity of the
material which is inherent to the FDM process.

Figure 2: Aspheric mirror design imported from FRED
(optical design software). The Geiger-Mueller detector
is shown in the focal point of the mirror.

Figure 8: Spherical RP substrate with
coating of Krylon Fusion © spray paint.

Several methods were tested to decrease the porosity. First,
Krylon Fusion© spray-paint was applied to the plastic
substrate (Figure 8). While the substrate surface was
considerably smoother, the plating blistered.

Nickel Phosphorous was determined to be the best plating
material because of its ability to reflect UVC and the fact
that it is easily machined.

UVC light is emitted when complex or long hydrocarbon
chains are burned, these chains are typically found in nature
and the light is emitted when most organic materials are
combusted, such as burning grass, wood, leaves etc. These
wavelengths are also emitted by the sun, but are blocked by
atmospheric ozone, producing what is commonly referred to
as “atmospheric blackout” in this portion of the spectrum.
Because of the wavelength of UVC light, special materials
and surface-finishes are required to efficiently reflect the
wavelength and focus it onto the detector tube.
In the previous configuration, the fire-sensor was able to
detect a match-flame at a range of 350 feet in direct
sunlight. The field of view was determined to be
approximately 120˚. Reducing the field of view would
improve the sensor directionality and sensitivity to locating
small fires. In order to decrease the field of view of the
sensor, but maximize “collection” area of the mirror, an
aspheric shape is needed.

Results

Figure 5: First nickel-phosphorous plating using 10-12
amps applied per square foot of surface area. The RP
material was diamond-turned before plating to improve
surface finish, but this reduced substrate quality.
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